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Among New World monkeys, capuchins stand out for their high degree 
of manual dexterity (e.g., Fragaszy et al., 2004; Spinozzi et al., 2004, 2007). 
These species have a hinge-shaped carpo-metacarpal joint that allows abduc-
tion/adduction and flexion/extension movements, but not rotational move-
ment, i.e., the key factor in opposability (Napier and Napier, 1967). Therefo-
re, they cannot achieve the typical pad-to-pad opposition between the thumb 
and the other digits shown by humans and some Old World monkey species 
(e.g., Christel, 1993, 1994; Butterworth and Itakura, 1998; Christel et al., 
1998). In spite of this, several comparative studies showed that capuchin 
monkeys are both able to perform relatively independent movements of the 
digits and to use a variety of precision grips, which mainly involve the lateral 
aspects of digits (Costello and Fragaszy, 1988; Christel and Fragaszy, 2000; 
Spinozzi et al., 2004, 2007).  
Several studies on capuchin monkeys focused on the role of precision 
hand movements (Costello and Fragaszy, 1988; Christel and Fragaszy, 2000; 
Spinozzi et al., 2004, 2007). Manual dexterity highlighted by actions which 
do not necessarily require individuated movements of the digits (i.e., power 
grips), has received less attention, although they represent the large majority 
of actions performed by primates. Hence, the versatility in performing power 
grip actions still deserves a thorough analysis. In addition, it would be intere-
sting to assess to what extent in power grip actions the thumb is abducted so 
as to wrap the object from the opposite direction in comparison to the other 
fingers rather than be adducted in order to wrap the object in parallel with 
other fingers.  
In the present study, we assessed the variability of capuchins’ prehension 
techniques in grasping actions involving power grips. To this aim, tufted ca-
puchin monkeys (Sapajus spp.) were tested in a reaching task requiring indi-
viduals to grasp a stick inserted into a vertical Plexiglas tube.  
Moreover, studying grasping actions like the ones performed by capu-
chins in our task also represents an occasion to evaluate if these monkeys 
grasp objects taking into account later task requirements. In fact, growing 
evidence suggests that second-order motor planning (i.e., the capacity to alter 
their object manipulation not just on the basis of immediate task demands, 
but on the next task to be performed) is within the ken of several non-human 
primate species (e.g., Weiss et al., 2007; Nelson et al., 2011; Frey and Povi-
nelli, 2012). Moreover, Zander et al. (2013) proposed that morphology con-
strains the expression of second-order motor planning. Consequently, the 
species with the more limited grasping abilities should show second-order 
motor planning more consistently than the species with greater degrees of 
  
freedom in grasping postures. The reaching task we presented to capuchins, 
highly dexterous monkeys, can contribute to further test this hypothesis. 
 
2. Materials and Methods 
 
The subjects were 20 tufted capuchin monkeys (Sapajus spp.)  ranging in 
age from 6 months to 22 years (mean = 8.0). The sample included 8 immatu-
re subjects (< 5 years), and 12 adult individuals (≥ 5 years). Monkeys were 
hosted at the Primate Center of the Institute of Cognitive Sciences and Tech-
nologies, CNR, Rome, Italy.  
A transparent Plexiglas panel (60 x 40 cm) with a central square aperture 
(6 x 6 cm) was mounted on the front wall of the cage. A rectangular shelf (25 
x 19 x 1 cm) was located outside of the experimental cage, and centered in 
front of the Plexiglas panel opening. A cylinder-shaped PVC stick (12 cm 
long x 1.2 cm in diameter) was used as a stimulus for prehension. It was in-
serted into a vertical Plexiglas tube (4.4 cm long x 1.8 cm in inner diameter) 
fixed to the rectangular shelf. Before each trial started, one of the tips of the 
stick was dipped into a bowl containing cream of wheat and then inserted in-
to the tube. The monkey was then allowed to position itself in front of the pa-
nel, to insert an arm through the panel’s square aperture, and to reach for the 
stick.  
Each monkey performed approximately 50 trials, 25 trials per day for 2 
days. All trials were recorded simultaneously with two cameras (JVC GR-
DVL 109) set to a shutter speed of 1/1,000. The cameras were arranged to 
capture the ulnar and the radial aspect of the hand. We examined the capu-
chins’ grasping techniques focusing on: (i) different hand postures during 
prehension; (ii) frequency of use of the thumb in opposition to the other fin-
gers; (iii) asymmetric use of the hands; (iv) fitting of the grasping action for 
the purpose to comfortably bring the food to the mouth. 
 
3. Results and discussion 
 
Most of the capuchins picked up the sticks using exclusively power 
grips. Eight power grip variants were identified with individual capuchins 
performing on average more than five different grips each; the most frequent-
ly used grip involved all the fingers and the palm, with the thumb being op-
posed to the other fingers. As previously reported on precision grips, the use 
of the thumb in opposition to the other areas of the hand seems to be a com-
mon feature in power grip as well [t(19) = 3.45, p = .003], whereas no evi-
dence of manual asymmetries was found.  
Actions with thumb down and forearm in pronation or with thumb down 
and a 90-degrees forearm radially-oriented rotation were classified as com-
fortable, whereas actions in which thumb was up and the forearm was rotated 
toward the ulnar aspect of the hand were classified as uncomfortable. Capu-
chins performed comfortable grips on average on 44.2% of the trials. Overall, 
these comfortable actions were performed as frequently as non-comfortable 
ones [t(19) = -.77, p = .449]. Interestingly, there were marked individual dif-
ferences as only six out of 20 subjects preferentially used the comfortable 
grips. These results are in line with previous ones in which species capable of 
precision grasping, such as chimpanzees and capuchins, consistently showed 
second-order motor planning to a more variable extent than species with mo-
re limited manual dexterity (Frey and Povinelli, 2012; Zander et al., 2013). 
Following that, Zander et al. (2013) argued that the costs for species with 
high manual dexterity to adopt an apparently awkward final position may be 
insufficient to elicit anticipatory modifications to motor sequences. Moreo-
ver, adult capuchins were better than immature individuals in planning gra-
sping action as a function of following task demands [F(1,16) =8.95, p = 
.009, ηp2 = .359]. This is particularly interesting since that the developmental 
trajectory for second order motor planning ability in humans is notably pro-
tracted (Wunsch et al., 2013). 
Overall, these findings contribute to clarify to what extent manual dexte-
rity and cognitive abilities can be expressed in high manually skilled primate 
species in grasping tasks. 
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